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Abstract of EP1101699 

A spacecraft (10) comprised of a plurality of 
functionally organized, fully independent modules 
(12,14,16,18). Selected ones of the modules are 
moveable foldably in a "clamshelP'-like manner 
between assembled positions, wherein various 
components of the spacecraft are generally not 
readily accessible, to a service position in which 
virtually all of the components of the spacecraft 
are substantially readily accessible for service or 
testing. Logically organized and routed 
harnesses (46,47,46') comprised of numerous 
electrical and mechanical elements (24-38) 
enable the clamshell-like folding movement of 
selected modules. Conventional electrical and 
mechanical connectors (48) associated with the 
harnesses permit quick detachment and 
complete removal of selected modules from the 
spacecraft. The fully modular design significantly 
reduces the time required to gain access to the 4 
components on each of the modules and 
eliminates time consuming and extensive 
disassembly procedures that would ordinarily be 
required when performing service or test 
procedures on the spacecraft. The fully modular 
configuration also permits parallel manufacturing 
and testing of the independent modules, thus 
significantly reducing the design-to-market cycle 
time for the spacecraft. The modular design also 
facilitates replacement of selected modules with 
modified modules to produce derivative 
spacecraft or to tailor the performance of the 
spacecraft to better meet the needs of a 
particular mission. 
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(54) Modular spacecraft design 

(57) A spacecraft (10) comprised of a plurality of 
functionally organized, fully independent modules 
(12,14,1 6,18). Selected ones of the modules are move- 
able foldably in a M clamsheH"-like manner between as- 
sembled positions, wherein various components of the 
spacecraft are generally not readily accessible, to a 
service position in which virtually all of the components 
of the spacecraft are substantially readily accessible for 
service or testing. Logically organized and routed har- 
nesses (46,47,46') comprised of numerous electrical 
and mechanical elements (24-38) enable the clamshell- 
like folding movement of selected modules. Convention- 
al electrical and mechanical connectors (48) associated 
with the harnesses permit quick detachment and com- 
plete removal of selected modules from the spacecraft. 
The fully modular design significantly reduces the time 
required to gain access to the components on each of 
the modules and eliminates time consuming and exten- 
sive disassembly procedures that would ordinarily be re- 
quired when performing service or test procedures on 
the spacecraft. The fully modular configuration also per- 
mits parallel manufacturing and testing of the independ- 
ent modules, thus significantly reducing the design-to- 
market cycle time for the spacecraft. The modular de- 
sign also facilitates replacement of selected modules 
with modified modules to produce derivative spacecraft 
or to tailor the performance of the spacecraft to better 
meet the needs of a particular mission. 
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Description 

TECHNICAL FIELD 

[0001] This invention relates to spacecraft, and more 
particularly to a spacecraft formed by a number of inde- 
pendently removable, testable and serviceable modules 
which simplify and expedite the manufacture, testing 
and service of the spacecraft, and which enable modi- 
fications and/or future variations of various modules of 
the spacecraft to be easily integrated and implemented. 

BACKGROUND OF THE INVENTION 

BACKGROUND ART 

[0002] Present day approaches to spacecraft design 
are often single-focused on the goal of achieving com- 
pliance with technical parameters governing mission 
performance, such as the power required by the space- 
craft, its mass or volume of payload. This single-minded 
design approach often produces spacecraft which are 
unique for each new program or application, and which 
have little or no components or subassemblies in com- 
mon with one another. Thus, since each spacecraft must 
essentially be designed as a unique vehicle, the design- 
to-market cycle time of producing a spacecraft is quite 
long. Presently, a spacecraft designed for a specific ap- 
plication may take as long as 36 - 40 months or more to 
design, construct and test before the spacecraft is ready 
to be launched. These drawbacks lead to significant 
non-recurring laborcosts, lengthy production cycletime, 
increased scrap materials, and repeated redesign of 
various subsystems of the spacecraft. 
[0003] Another significant drawback with many 
present day spacecraft designs is the lack of servicea- 
bility. For example, the various subsystems of the 
spacecraft are often interconnected by a highly complex 
plurality of electrical, mechanical, fluid carrying and ther- 
mal elements. These elements are routed in a complex 
arrangement to the various components of the space- 
craft and are typically not capable of being quickly and 
easily disconnected, should one or more subsystems of 
the spacecraft need to be accessed for service and/or 
testing. Disassembly and uncoupling of one major sub- 
system often requires extensive disassembly of cabling, 
mechanical coupling elements, fluid transfer lines and 
thermal elements, many of which are not capable of be- 
ing quickly separated from their associated compo- 
nents. Often, fluid lines need to be physically cut and 
then re-welded or re-brazed, and then pressure tested, 
during re-assembly. Thus, uncoupling and reassembly 
of even one major subsystem often takes several days, 
or even weeks, to complete. 

[0004] With present day spacecraft, the organization 
of its various subsystems are further not arranged in log- 
ical, fully functional, modular sub-component form to fa- 
cilitate access to, service and testing of functionally re- 



lated sub-components. This further contributes to ex- 
tremely time consuming disassembly procedures being 
required before access can be gained to the specific 
subsystems of the spacecraft being serviced or tested. 

5 Often, a significant number of other unrelated sub- 
assemblies of the spacecraft may need to be removed 
before being able to access and test the desired sub- 
assembly/component. These drawbacks with present 
day spacecraft designs contribute significantly to their 

10 lengthy design-to-market cycle times. 

[0005] As will be appreciated, the inability to quickly 
and easily access and/or uncouple and physically re- 
move a particular subsystem of the spacecraft introduc- 
es significant additional cost, in terms of labor, into the 

15 overall cost of manufacturing the spacecraft. This is in 
large part because of the significant testing that must be 
performed on the numerous components of the space- 
craft before the spacecraft is ready for launch. It also 
can cause significant time delays which could jeopard- 

20 jze delaying a planned launch of the spacecraft if a por- 
tion of the spacecraft has to be disassembled, re-tested 
and then reassembled shortly before a scheduled 
launch. 

[0006] Since most present day spacecraft are de- 
25 signed with the goal of meeting particular customer re- 
quirements, often the subassemblies of the spacecraft 
are not usable in subsequent spacecraft, thus requiring 
new design efforts when designing and manufacturing 
a subsequent spacecraft to different customer specifi- 
30 cations. This also contributes significantly to the high 
cost of present day spacecraft and the long design-to- 
market cycle times needed to produce such spacecraft. 
The re-designing of the various subassemblies of the 
spacecraft also prevents the cost savings that would 
35 otherwise come with the manufacture of standardized 
modules or subassemblies which could be used on 
more than one spacecraft. 

[0007] Still another disadvantage of the present day 
spacecraft design is the inability to easily integrate im- 

40 provements into various subsystems or subassemblies 
of the spacecraft without requiring re-design of other 
subsystems. Thus, if one spacecraft required a more 
powerful propulsion system, it would be much more cost 
effective and require much less design time if merely the 

45 propulsion system of the spacecraft could be re-de- 
signed and then either re-introduced into the same 
spacecraft or used in a different spacecraft without in- 
terfering with the design or operation of other subsys- 
tems, and without requiring disassembly of a major por- 

so tion of the spacecraft. 

[0008] It is therefore a principal object of the present 
invention to provide a spacecraft comprised of a plurality 
of functionally independent major modules which may 
be independently accessed and/or removed from the 

55 spacecraft without requiring significant and time con- 
suming disassembly of numerous electrical, mechani- 
cal, fluid carrying and thermal interconnecting compo- 
nents securing the affected module to other modules of 
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the spacecraft. In this manner specific modules may be 
accessed, serviced and tested without requiring signifi- 
cant additional disassembly of other modules of the 
spacecraft. This would significantly reduce the man 
hours requiredfortesting and servicing the various mod- 
ules of the spacecraft as well as the cost associated with 
such procedures. 

[0009] It is another object of the present invention to 
provide a spacecraft having a highly modular design 
such that the various modules thereof may be used in 
various derivative and future spacecraft applications. 
[0010] It is still another object of the present invention 
to provide a spacecraft comprised of a plurality of func- 
tionally independent modules each having its electrical, 
mechanical, fluid carrying and thermal interconnecting 
elements configured such that each module may be se- 
lectively moved, relative to one another, to enable ac- 
cess to portions of the spacecraft which would otherwise 
only be accessible through hours, or possibly days or 
weeks, of time consuming disassembly efforts. 
[001 1 ] It is yet another object of the present invention 
to provide a method of manufacturing a spacecraft 
which involves using functionally independent modules 
that are secured to one another via fastener assemblies 
including quick disconnect fasteners and conventional 
electrical connectors, to thereby enable parallel manu- 
facturing, design, testing and/or removal of selected 
modular subsystems, to thus significantly reduce the 
overall time required to construct, test and service the 
various major functional subsystems of the spacecraft. 

SUMMARY OF THE INVENTION 

[0012] The above and other objects are provided by 
a fully modular spacecraft in accordance with preferred 
embodiments of the present invention. In one preferred 
embodiment the spacecraft comprises a plurality of 
functionally independent modules which may be quickly 
and easily released from fixedly held positions by actu- 
ating a selected plurality of quick release fastener as- 
semblies associated with the module requiring access 
thereto. Each of the modules are further constructed 
such that all of the electrical, mechanical, fluid carrying 
and thermal elements are arranged and routed in such 
a manner to permit each of the modules to be moved 
foldably in a "clamsheir-like fashion between a compact 
assembled position, wherein its various components 
are not generally readily accessible, to a service or test 
position, in which all, or substantially all of the compo- 
nents on the selected module, as well as many of the 
components on adjacent modules, are readily accessi- 
ble. This fully modular approach and clamshell-like fold- 
ing movement of the modules of the spacecraft drasti- 
cally reduces the time and disassembly effort required 
to gain access to the numerous sub-components dis- 
posed on each of the modules when performing service 
and/or testing on the numerous components of the 
spacecraft. This feature also eliminates the need to dis- 



assemble/disconnect various other electrical cabling, 
thermal elements or fluid transfer or support lines, or 
other components, before access can be gained to the 
desired component, which is a significant drawback of 

5 present day spacecraft designs. 

[0013] The primary modules of the spacecraft of the 
present invention comprise a bus electronics module, a 
payload module, an electrical power module and a pro- 
pulsion module. Each of these modules essentially 

10 forms a fully functional, line replaceable unit (LRU) that 
functions as a substantially separate and discrete sub- 
system having a complex plurality of logically related 
subcomponents. Each of the modules can be quickly 
and easily coupled to and uncoupled from the other 

15 modules of the spacecraft such that each module may 
be separately fabricated, tested, delivered and installed 
to facilitate rapid construction and testing of the space- 
craft. 

[0014] The fully modular design of the spacecraft of 

20 the present invention also enables the various modules 
to be designed such that they may be used with other 
derivative spacecraft, thus significantly shortening the 
time-to-market cycle time for design and manufacture 
of such derivative spacecraft. This modular approach 

25 further enables one module of the spacecraft to be re- 
placed with a module having different performance 
characteristics without requiring modification or rede- 
sign of other modules of the spacecraft. 
[0015] A principal advantage of the modular space- 

30 craft of the present invention is the ability to quickly and 
easily access, and remove if necessary, only those mod- 
ules of the spacecraft that may require service or testing. 
This is accomplished through standardized electrical, 
mechanical and thermal connectors and couplings 

35 which permit rapid manual disconnection, if needed, to 
completely separate one module from the remainder of 
the spacecraft. Thus, if the need arises to gain access 
to or completely remove a module shortly before a 
scheduled launch of the spacecraft, the fully modular 

40 design of the spacecraft permits service and testing of 
one or more modules within a greatly reduced time 
frame, and with significantly reduced labor expense in 
terms of man hours. 

[0016] Still another important advantage of the mod- 
45 ular spacecraft of the present invention is the ability to 
rapidly modify the performance characteristics of the 
spacecraft to accommodate new power, payload orther- 
mal requirements. For example, if the power require- 
ments of the spacecraft are reduced, the design of the 
so electrical power module can be quickly and efficiently 
scaled down to meet the lesser power requirements. 
This can be accomplished simply by removing and mod- 
ifying the electrical power module with little or no modi- 
fication to the other major modules of the spacecraft. If 
55 thermal loads are reduced, the number of other deploy- 
able components such as radiators and/or thermal heat 
pipes may also be significantly reduced. In production, 
these changes can be easily managed. With conven- 



3 



5 EP1 101 699A2 6 



tional spacecraft designs, even minor design changes 
can take many months to implement and test, while such 
design modifications could be implemented within days 
or weeks with the spacecraft of the present invention. 
Thus, the modular spacecraft of the present invention 
lends itself well to retrofitting procedures when one or 
more of the modules thereof require modifications to suit 
the requirements of a specific mission. 
[0017] The modular design of the spacecraft of the 
present invention also enables fast, efficient and con- 
sistently high quality manufacturing of the spacecraft. 
The various modules may be delivered pre-tested for 
assembly to a central location, assembled and then fully 
tested to ensure that electrical and mechanical connec- 
tions are securely made. Beyond thermal cycle testing 
to assess the interconnections, no other environmental 
tests need be performed. This approach allows very 
high volume integration and testing of a much greater 
number of spacecraft, thus significantly reducing the 
manufacturing and test time required for each space- 
craft. 

[0018] In one preferred embodiment of the present in- 
vention the payload module comprises an assembly 
having a central payload panel and a pair of outer pay- 
load panels. At least one of the outer payload panels is 
movable in a folding manner relative to the central pay- 
load panel to enable access to the interior area of the 
payload module if needed. The bus electronics module 
is also movably secured to the payload module so that 
it can be folded outwardly therefrom to enable even 
greater unimpeded access to the payload module. 
Quick disconnect fasteners allow the payload panels, 
as well as the bus electronics module, to not only be 
uncoupled from one another to permit folding move- 
ment, but also to be quickly removed from the remainder 
of the spacecraft for service and/or testing if needed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The various advantages of the present inven- 
tion will become apparent to one skilled in the art by 
reading the following specification and subjoined claims 
and by referencing the following drawings in which: 

Figure 1 is an exploded perspective view of the var- 
ious modules of a spacecraft in accordance with a 
preferred embodiment of the present invention; 
Figure 2 is a perspective view of the spacecraft of 
Figure 1 shown in a fully assembled arrangement; 
Figure 3 is a perspective view of the spacecraft of 
Figure 1 showing one of the payload module panels 
folded into a service position enabling access to the 
components mounted thereon as well as to compo- 
nents mounted on other panels of the payload mod- 
ule, and further illustrating the routing of a harness 
that permits folding movement of the outer payload 
panel without interference from various electrical 
cables, mechanical elements, fluid lines and ther- 



mal elements; 

Figure 4 is a perspective view of an alternative pre- 
ferred embodiment of the present invention wherein 
the two outer panels of the payload module are both 
5 capable of folding movement, and illustrating both 
payload module outer panels folded outwardly into 
their service positions; 

Figure 5 is an exploded perspective view of the var- 
ious modules of the spacecraft illustrating where 
10 fasteners may be used to releasably secure the 
modules to one another; 

Figure 6 is a perspective view of a supporting tool 
used to support the spacecraft of the present inven- 
tion when performing testing or service on the 

15 spacecraft; 

Figure 7 is an enlarged perspective view of the pro- 
pulsion module of the present invention; and 
Figure 8 is a perspective view of the spacecraft of 
the present invention within its solar array panels 

20 and heat radiators fully deployed. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 [0020] Referring to Figure 1 , there is shown a fully 
modular spacecraft 1 0 in accordance with a preferred 
embodiment of the present invention. The spacecraft 1 0 
generally comprises a payload assembly module 12, a 
functionally independent propulsion module 14, a func- 
30 tionally independent bus electronics module 16 and a 
functionally independent electrical power module 18. 
The payload module 1 2 is comprised of preferably three 
distinct, fully independent payload panels 12a, 12b and 
12c, although it will be appreciated that a larger or small- 
35 er plurality of payload panels could be incorporated de- 
pending on the specific needs of the mission which the 
spacecraft 10 will carry out. Payload panel 12a forms a 
central payload subassembly while panels 12b and 12c 
form outer payload subassemblies which are disposed 
40 adjacent opposite longitudinal edges of the central pay- 
load panel 12a. Outer payload panel 12b typically in- 
cludes a pair of deployable heat radiators 1 2b n and 1 2b 2 
secured thereto for assisting in dissipating heat from the 
electronic components mounted on the outer payload 
45 panel 1 2b. It will be appreciated that the other payload 
panels 12a and 12c may include between zero and two 
such similar heat radiators although only one such other 
radiator 1 2c 1 is visible in Figure 1 . Electrical power mod- 
ule 1 8 provides electrical power to all of the modules 
so 1 2-1 6 of the spacecraft 1 0. The spacecraft 1 0 is shown 
in its fully assembled, pre-deployed condition in Figure 
2. 

[0021 ] With fu rther reference to Figure 1 , the electrical 
power module 1 8 comprises a battery assembly 20 and 
55 a solar array assembly 22. The solar array assembly 22 
is comprised of solar panels 22a and 22b, and a solar 
array deployment mast 22c for deployably extending the 
solar array panels 22a and 22b. In one preferred form 
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the battery assembly 20 comprises a lithium ion battery 
assembly and the solar array panels 22a and 22b com- 
prise silicon solar array panels. The electrical power 
module 18 is secured to the bus electronics module 16 
and movable therewith, as will be described further mo- 5 
mentarily. 

[0022] It is a principal advantage of the present inven- 
tion that each of the modules 12, 14, 16 and 18 de- 
scribed above is constructed as an independent, fully 
functional module capable of being readily interfaced 
with one or more of the other modules in a manner that 
permits selected ones of the modules 12,14,16 and 1 8 
to be moved in a folding manner relative to one another 
between an "assembled" position, such as shown in Fig- 
ure 2, and a "service" or "test" position, such as shown 
in Figure 3, to permit easy access to the numerous com- 
ponents disposed on each of the modules 12-18. This 
folding movement is accomplished in part by logical 
routing of a large plurality of electrical cables, fluid lines, 
thermal elements, etc., in a manner such that these el- 
ements do not interfere with folding movement of the 
modules 12, 14, 16 and 18 when access to the various 
components on the modules is required. Thus, there is 
no risk of breakage or need to disconnect or cut the var- 
ious fluid transfer or support lines associated with each 
module 12-18. Heat transfer across the modules 12-18 
further occurs without breaking any fluid lines or heat 
pipes. Such movement would not be possible with prior 
designs of spacecraft without extensive disconnection 
and cutting of various fluid transfer lines and other me- 
chanical, electrical and thermal elements. 
[0023] With further reference to Figure 3, the space- 
craft 1 0 can be seen with the bus electronics module 1 6 
and electrical power module 18 extended pivotably 
away from payload panel 1 2b, and with panel 1 2b folded 
outwardly into the service position. In this orientation, a 
large plurality of the components on several of the mod- 
ules 12-18 are accessible. More specifically, access to 
numerous components mounted on the central payload 
panel 12a, the outer payload panel 12c, the bus elec- 
tronics module 16, as well as to components 24-38 
mounted on outer payload panel 12b, are readily acces- 
sible. It will be appreciated that components 24-38, as 
well as the other components mounted on the payload 
panels 12a, 12b, 12c and on the bus electronics module 
16, represent highly complex electrical, electromechan- 
ical and thermal components, and have been shown in 
a highly simplified fashion. 

[0024] Referring further to Figure 3, outer payload 
panel 12b is intended to be moved foldably about a lon- 
gitudinal axis extending parallel to its longitudinal edge 
40 and also to longitudinal edge 42 of the central pay- 
load panel 12a. The bus electronics module 16 and the 
electrical power module 18 are also intended to be 
moved as a single unit pivotably along a longitudinal axis 
extending along an upper comer of the propulsion mod- 
ule 14, at the point indicated by reference numeral 44. 
The highly complex collection of electrical wiring, fluid 



lines and thermal elements leading from each of the 
components 24-38 on the outer payload panel 12b is 
collected and routed to form a harness 46 that extends 
along the longitudinal edge 40 of the outer payload pan- 
el 1 2b. Thermal coupling is by means of bolted interfac- 
es and flexible heat pipes to enable folding movement, 
thus precluding the need to cut the heat pipes to allow 
movement of the modules 12-18. The harness 46 elec- 
trically couples the components 24-38 to various other 
components on the central payload panel 12a, as well 
as to other ones of the modules 1 2-1 8. Importantly, the 
routing of the wiring harness 46 permits unimpeded fold- 
ing movement of the outer payload panel 12b between 
its assembled and service positions. 
[0025] With brief reference again to Figure 1 , it can 
be seen that a second harness 47 is preferably included 
for facilitating pivoting movement of the bus electronics 
module 16 while allowing this module to remain opera- 
tively coupled to other ones of the modules 1 2-1 8. While 
only two major harnesses 46 and 47 are shown, it will 
be appreciated that additional harnesses could be em- 
ployed if needed to help facilitate removal of other mod- 
ules 12-18 from the spacecraft 10. 
[0026] It will also be appreciated that the harnesses 
46 and 47 could be replaced by a larger plurality of 
smaller harnesses. For example, harness 46 in Figure 
3 could be replaced by a plurality of smaller harnesses 
46' which extend directly to suitable connectors associ- 
ated with the central payload panel 12a. This arrange- 
ment would eliminate the need to route ail of the elec- 
trical conductors to one end of the outer payload panel 
12b. It will be appreciated that any arrangement of har- 
nesses that permits folding movement of the modules 
12-18 is contemplated as being within the scope of the 
present invention. 

[0027] When folding movement of one or more of the 
modules 12-18 is required to obtain access to its com- 
ponents, it will be appreciated that conventional frame 
handling tooling, such as components 12a' and 12b', 
shown in Figure 3, will preferably be employed. These 
components are rigid, frame-like members made from 
aluminum or another suitably strong material and attach 
securely at suitable attachment points on the payload 
panels 1 2a and 1 2b with bolts or other conventional fas- 
tening elements. The two frame handling tools 12a' and 
12b' are coupled together by hinging mechanisms 13 
which permit and control movement of the outer payload 
panel 12b to allow the panel 12b to be pivoted into the 
position shown in Figure 3. It will be appreciated that 
other such frame handling tooling will need to be at- 
tached to the other modules 12-18 to facilitate conven- 
ient pivoting movement. While only two hinges 13 have 
been shown in simplified form, it will be appreciated that 
a greater number of hinges may need to be employed 
to adequately support the weight of the outer payload 
panel 12b during pivotal movement thereof. 
[0028] With further reference to Figure 3, the entire 
removal of outer payload panel 12b from the remainder 
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of the spacecraft 1 0 may be accomplished by providing 
a suitable plurality of connectors, indicated by rectangu- 
lar box 48, preferably at an intermediate point along the 
harness 46. Connectors 48 are comprised of simple, 
commercially available electrical and mechanical con- 
nectors which can be quickly and easily manually sep- 
arated to effect removal of the entire payload panel 1 2b 
from the remainder of the spacecraft 1 0 if needed. It will 
be appreciated, however, that other points of attach- 
ment could be employed for the harness 46. For exam- 
ple, harness 46 could be secured by suitable connectors 
to mating connectors mounted on the central payload 
panel 12a, rather than at an intermediate point along the 
length of harness 46. Other attachment points will be 
apparent to those of ordinary skill in the art, the only lim- 
itation being that the harness 46 still permits full, unim- 
peded folding movement and quick separation of its as- 
sociated panel 1 2b. This feature permits the entire outer 
payload panel 12b to be removed from the spacecraft 
1 0 for service and/or testing, if needed, without requiring 
significant disassembly of any other module 12-18 or 
wiring, fluid carrying elements or thermal elements as- 
sociated with other modules 1 2-1 8 of the spacecraft 1 0. 
[0029] It will be appreciated that the above-described 
feature provides a number of significant advantages 
over present day spacecraft designs which do not permit 
for rapid access to and/or removal of various subsys- 
tems without a significant degree of disassembly being 
required of the spacecraft 10. The ability to quickly ac- 
cess and remove, if necessary, an entire functional mod- 
ule 12-18 without undertaking massive disassembly ef- 
forts of numerous other subsystems of the spacecraft 
10 provides for a significant savings in the man hours 
needed to service, test and repair the various and com- 
plex components associated with each functional mod- 
ule 12-18 of the spacecraft 10. Accordingly, disassem- 
bly procedures that previously took days or months to 
perform on previous spacecraft designs can be per- 
formed often in several hours on the spacecraft 10. 
[0030] Referring further to Figure 3, to assist in pro- 
viding structural rigidity to the spacecraft 10, a plurality 
of bulkheads 52 and 54 may be provided. If used, bulk- 
heads 52 may be attached fixedly to portions of the cen- 
tral payload panel 12a while bulkheads 54 may be at- 
tached fixedly to portions of the bus electronics module 
1 6. The bulkheads 52 and 54 engage one another when 
the bus electronics module 16 is in its assembled posi- 
tion and form a means for providing additional structural 
support to the various modules 12-1 8 when the space- 
craft 10 is in its fully assembled position. 
[0031] It will also be appreciated that outer payload 
panel 12c could also be configured for folding move- 
ment relative to the central payload panel 1 2a if desired. 
This is illustrated by the alternative embodiment 1 0' of 
the spacecraft shown in Figure 4. This folding move- 
ment of outer payload panel 1 2c could further be accom- 
plished with little or no modification to the spacecraft 1 0. 
Outer payload panel 12c could also be formed to be 



completely removable from the spacecraft in a manner 
similar to that illustrated for outer payload panel 12b. 
The principal requirements would be a harness, such as 
harness 46, with suitable connectors enabling the outer 
5 payload panel 12c to be quickly separated from the re- 
mainder of the spacecraft 10. It will be appreciated that 
with this embodiment additional tooling may be required 
to further enhance the structural integrity of the space- 
craft 1 0 during movement of the payload panels 1 2b and 
10 1 2c, and further to better handle the weight of the outer 
payload panels 12b and 12c when these panels are in 
their service (i.e., extended) positions. 
[0032] While the central payload panel 12a and the 
bus electronics module 1 6 have not been described as 
15 being completely readily removable from the spacecraft 
1 0, it will be appreciated that such could be easily ac- 
complished with suitable harnesses and connectors 
such as harness 46 and connectors 48. 
[0033] Referring now to Figure 5, the payload panels 
12a, 12b and 12c, the propulsion module 14, the bus 
electronics module 16 and the bulkheads 52 are shown 
in highly simplified form without the various components 
that would ordinarily be mounted thereon to illustrate the 
points where the modules 1 2-1 6 may be attached to one 
another through suitable quick disconnect mechanical 
fastener assemblies. Outer payload panel 12b is pref- 
erably secured along longitudinal edge 40, along ends 
60, along longitudinal edge 62 and further along longi- 
tudinal sections 64 coinciding with the vertical edges 66 
of the bulkheads 52 by a plurality of quick disconnect 
mechanical fasteners 68. Fasteners 68 may comprise 
any suitable form of quick disconnect type of connector 
forming a first element which is adapted to releasably 
engage with an associated second fastening element. 
For simplicity, fasteners 68 have been illustrated as cir- 
cular dots. 

[0034] With further reference to Figure 5, the fasten- 
ing elements 68 are secured to fastening elements 70, 
which are represented in highly simplified form by small 
squares. Fastening elements 70 represent second fas- 
tener components that can be quickly and easily se- 
cured to the fasteners 68. The propulsion module 14 
may also be secured about substantially its entire pe- 
riphery by the interconnection of fastening elements 68 
disposed along edge 72 of the central payload panel 1 2a 
and fastening elements 70 disposed on the periphery of 
the propulsion module 1 4. Outer payload panel 12c may 
be similarly secured to vertical edges 74 of the bulk- 
heads 52 by the connection of fastening elements 68 
and 70. The bus electronics module 1 6 is preferably se- 
cured along its longitudinal edge 76 by the connection 
of fastening elements 70 disposed along edge 76 and 
fasteners 68 disposed along edge 62 of outer payload 
panel 12b. The bus electronics module 1 6 may also be 
secured by fasteners 68 connecting with fasteners 70 
placed along an upper edge 60 of an endmost one of 
the bulkheads 52, and possibly also along an upper 
edge 82 of the propulsion module 14. Edge 78 of the 
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bus electronics module 1 6 may also be secured to edge 
69 of outer payload panel 12c via an additional plurality 
of fasteners 68 and 70. 

[0035] It will be appreciated that the placement of the 
fasteners 68 and 70 shown in Figure 5 is merely repre- 5 
sentative of one arrangement by which the modules 
12-16 can be mechanically interconnected with one an- 
other to form a highly rigid structure that can still be dis- 
assembled quickly for service and/or testing. According- 
ly, the preferred embodiments of the present invention 
are not limited to any specific layout or arrangement of 
fastener elements 68 and 70. Rather, any arrangement 
which holds the various modules 12-18 securely to one 
another, when fully assembled, and which still permits 
quick, convenient access to the fasteners 68 and 70 is 
contemplated as being within the scope of the present 
invention. 

[0036] It will be appreciated that one or more suitable 
mechanisms could be employed for simultaneously re- 
leasing the fasteners 68 from fasteners 70 disposed 
along vertical edges 66 of the bulkheads 52 so that re- 
moval of the heat radiators 12b 1 and 12b 2 is not needed 
to gain access to fasteners 68. Such a structure could 
be formed by, for example, a plurality of elongated rods 
each extending underneath the radiator 12b 2 and par- 
allel to an associated one of the bulkheads 52, which 
can each be rotated about its longitudinal axis to engage 
each of the fasteners 68 along one vertical edge 66 si- 
multaneously when it is turned. Alternatively, a rod could 
be disposed along and parallel to longitudinal edge 40 
of payload panel 12b which cooperates with a plurality 
of rod-like elements disposed adjacent each vertical 
edge 66 to simultaneously release fasteners 68 from the 
bulkheads 52. This would enable the payload panel 1 2b 
to be released from the bulkheads 52 without first re- 
quiring the heat radiators 12b! and 12b 2 to be moved a 
predetermined amount for fastener access. 
[0037] It is anticipated that an alternative preferred 
embodiment of the present invention could comprise a 
frame structure to which each of the modules 12-16 
could be attached with a lesser plurality of mechanical 
fastener components. Thus, the drawing of Figure 5 
should be understood as being merely one preferred ex- 
ample of how the various modules 12-16 may be releas- 
ably secured to one another to permit quick and easy 
assembly and disassembly of the spacecraft 1 0. 
[0038] Referring now to Figure 6, a supporting tool 86 
is shown for supporting the spacecraft 10 to facilitate 
convenient service and testing thereof. The supporting 
tool 86 is adapted to be secured directly to portions of 
opposing frame handling end panels 88 (only one being 
shown in Figure 6) via an inverted w U"-shaped upper 
frame member 90. Upper frame member 90 is in turn 
supported on lower frame elements 92, which are in turn 
supported on base assemblies 94. The base assem- 
blies 94 have casters 96 or other mechanisms for per- 
mitting the entire supporting tool 86 to be moved as 
needed. In this manner, the entire spacecraft 10 can be 



supported in a convenient manner to permit ready ac- 
cess, testing and servicing on all areas of modules 
12-18. 

[0039] Referring now to Figure 7, the propulsion mod- 
ule 14 will be described in greater detail. As explained 
previously herein, the propulsion module 14 comprises 
a functionally independent component that can be read- 
ily removed from the spacecraft 10 by uncoupling elec- 
trical and mechanical connectors. This permits the pro- 
pulsion module 14 to be accessed much more conven- 
iently for service or testing. It also permits the propulsion 
module 14 to be completely removed from the space- 
craft 1 0 with minimal disassembly/disconnection of con- 
necting elements, and modified if needed to suit the 
needs of a particular application. 
[0040] The propulsion module 14 includes a frame 
member 1 02 upon which is mounted a plurality of axial 
control thrusters 104, a first plurality of attitude control 
thrusters 106 and a second plurality of attitude control 
thrusters 108 (also visible in Figure 2). A tank 110 con- 
taining propellant, which may comprise Xenon propel- 
iant, is also mounted to the frame 1 02 for supplying pro- 
pellant to the thrusters 1 04, 1 06 and 1 08. In a preferred 
embodiment of the propulsion module 14, the frame 
member 1 02 comprises a pair of aluminum frame sheets 
between which is disposed a honeycomb panel to pro- 
vide a relatively lightweight yet very structurally rigid and 
strong frame member 102. Locating the tank 110 on the 
inboard side of the frame member 1 02 also provides the 
advantage of protecting the tank 110 from damage 
caused by debris floating in orbit. The axial control 
thrusters 104 may comprise well known Hall thrusters. 
These thrusters are principally responsible for propel- 
ling the spacecraft 10 from drop off orbit to the opera- 
tional orbit, but can just as readily be used for orbit main- 
tenance purposes or plane changes. 
[0041 ] Attitude control thrusters 1 06 and 1 08 are used 
principally for controlling the attitude (i.e. , pitch, yaw and 
roll) of the spacecraft 1 0. Thrusters 1 06, in one preferred 
embodiment, comprise well known Resist ojet thrusters. 
Thrusters 1 08, in one preferred embodiment, may com- 
prise cold gas thrusters. 

[0042] A principal advantage of providing all of the 
thrusters 104, 106 and 108 on one propulsion module 
14 disposed at one end of the spacecraft 10 is that the 
routing of lengthy and complex fluid carrying tubing all 
over the spacecraft 10 is eliminated. This significantly 
simplifies and expedites movement and removal of the 
various other modules of the spacecraft 1 0. Just as im- 
portantly, the propulsive gasses from the thrusters 1 04, 
1 06 and 1 08 are all directed such that they are not blown 
on any portion of the spacecraft 10. 
[0043] Referring to Figure 8, the spacecraft 1 0 is illus- 
trated in its fully deployed orientation. Outer payload 
panel 12c can be seen to include a heat radiator 12^. 
Deployment mast 22c assists in erecting and supporting 
solar array panels 22a and 22b in their fully deployed 
positions. 
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[0044] The spacecraft 1 0 of the present invention thus 
forms a fully modular spacecraft vehicle which allows 
rapid and convenient access to the numerous compo- 
nents on each of modules 12-18 thereof. The ability to 
move various modules in a folding manner between as- 
sembled and service positions to gain access to the 
components on each module, and completely remove a 
module if necessary, without requiring days or even 
weeks of complicated disassembly procedures, allows 
testing and service operations to be performed quickly 
and with significantly less cost to the spacecraft manu- 
facturer. The fully modular design of the spacecraft 10 
further permits integration and retro-fitting of modified 
modules should the specifications and/or performance 
requirements of the spacecraft 10 need to be changed 
to suit the demands of a specific mission. 
[0045] The fully modular design further permits paral- 
lel manufacturing and testing of the various modules 
12-18 of the spacecraft 10. By "parallel" manufacturing 
it is meant that the independent modules 12-18 could 
be constructed and tested at different locations and then 
brought to one or more common assembly locations to 
be assembled, as a final phase of the assembly process, 
to form the spacecraft 10. This feature significantly in- 
creases efficiency in manufacturing the spacecraft 10, 
in addition to significantly reducing the design-to-market 
cycle time for derivative spacecraft. 
[0046] Those skilled in the art can now appreciate 
from the foregoing description that the broad teachings 
of the present invention can be implemented in a variety 
of forms. Therefore, while this invention has been de- 
scribed in connection with particular examples thereof, 
the true scope of the invention should not be so limited 
since other modifications will become apparent to the 
skilled practitioner upon a study of the drawings, spec- 
ification and following claims. 



Claims 

1 . A spacecraft comprising: 

a plurality of functionally and physically sub- 
stantially independent modules so connected 
to provide spacecraft functionality and ease of 
modification for the spacecraft's intended mis- 
/' sion and ease of manufacturing, said plurality 
of substantially independent modules compris- 
ing at least: 
a payload module; 

a bus electronics module operably associated 

with said payload module; and 

an electrical power module for providing power 

to said electronics module and said payload 

module. 

2. The spacecraft of claim 1 , further comprising a fully 
independent propulsion module for providing pro- 



pulsion for said spacecraft, and supported on said 
spacecraft in a manner which permits ready detach- 
ment therefrom for service and testing purposes. 

5 3. The spacecraft of claim 1 , wherein said electrical 
power module comprises: 

a battery assembly; and 
a solar array assembly operatively coupled to 
10 said battery assembly. 

4. The spacecraft of claim 1 , wherein said payload 
module comprises a least one modular payload 
panel adapted to be secured to said spacecraft so 
15 as to be readily moveable from an assembled posi- 
tion into a service position without requiring disas- 
sembly of other ones of said modules of said space- 
craft. 

20 5. The spacecraft of claim 1 , wherein said payload 
module may be secured to said spacecraft through 
the use of a plurality of quick disconnect fasteners. 

6. A spacecraft comprising: 

25 

a plurality of functionally and physically sub- 
stantially independent modules so connected 
to provide spacecraft functionality and ease of 
access to and servicing or testing of said plu- 
30 ralrty of substantially independent modules, 

said plurality of substantially independent mod- 
ules comprising at least: 
an independent payload module adapted to be 
secured to said spacecraft so as to be move- 
35 able in a folding manner between an assem- 

bled position, wherein access to components 
thereon is restricted, to a service position, 
wherein access to said components is substan- 
tially readily available, and without requiring 
40 significant disassembly of any other of said 

modules of said spacecraft; and 
an independent bus electronics module opera- 
bly associated with said payload module and 
readily moveable in folding fashion relative to 
45 said payload module between an assembled 

position, wherein access to components on 
said bus electronics module is not readily avail- 
able, to a service position, wherein access to 
said components thereon is substantially read- 
so j|y available, and without requiring significant 
disassembly of electrical, mechanical, fluid car- 
rying or thermal elements interconnecting said 
payload and bus electronics modules. 

55 7. The spacecraft of claim 6, further comprising an 
electrical power module for providing power to said 
bus electronics module and said payload module. 
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8. The spacecraft of claim 7, wherein said electrical 
power module includes a functionally independent 
solar array assembly. 

9. The spacecraft of claim 6, further comprising an in- 
dependent propulsion module adapted to be readily 
attached to and detached from said spacecraft with- 
out requiring significant disassembly of other ones 
of said modules of said spacecraft. 

10. The spacecraft of claim 7, wherein said electrical 
power module is moveable in a folding fashion be- 
tween an assembled position and a service position 
to permit rapid, substantially unimpeded access to 
subcomponents thereof. 

1 1 . A fully modular spacecraft adapted to facilitate serv- 
icing and testing of modules thereof without requir- 
ing significant mechanical disassembly proce- 
dures, said spacecraft comprising: 

a functionally independent electrical power 
module moveable between an assembled po- 
sition, wherein components thereon are gener- 
ally not readily accessible, and a service posi- 
tion, wherein said components thereon are 
substantially readily accessible, and without re- 
quiring significant disassembly or disconnec- 
tion of mechanical, electrical, fluid carrying or 
thermal elements connecting said electrical 
power module with said spacecraft; and 
a functionally independent payload module 
moveable independently of said electrical pow- 
er module between an assembled position, 
wherein access to components thereof is gen- 
erally restricted, and a service position wherein 
access to said components thereof is generally 
unrestricted, and without requiring significant 
disassembly or disconnection of electrical, me- 
chanical, fluid carrying or thermal elements 
connecting said payload module with said 
spacecraft. 

1 2. The spacecraft of claim 1 1 , wherein electrical power 
module comprises a solar array assembly adapted 
to be moved with said electrical power module be- 
tween said assembled and service positions. 

13. The spacecraft of claim 11 , wherein said payload 
module is secured to said spacecraft with a plurality 
of quick disconnect fasteners. 

14. The spacecraft of claim 11 .further comprising a fully 
independent bus electronics module adapted to be 
moved from an assembled position, wherein com- 
ponents thereof are not readily accessible, to a 
service position wherein said components thereon 
are substantially readily accessible, and without re- 
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quiring significant disassembly of electrical, me- 
chanical, fluid carrying or thermal elements cou- 
pling said electronics module to said spacecraft. 

5 15. The spacecraft of claim 11, further comprising a 
functionally independent propulsion module adapt- 
ed to be readily coupled to and removed from said 
spacecraft. 

10 16. A method for forming a modular spacecraft, said 
method comprising: 

providing a functionally independent bus elec- 
tronics module; and 
is securing said bus electronics module to a por- 

tion of said spacecraft such that said bus elec- 
tronics module is movable in a folding fashion 
between an assembled position, wherein com- 
ponents of said bus electronics module are 
20 generally not readily accessible, and a service 

position, wherein said components thereon are 
substantially readily accessible for service and 
inspection without requiring significant disas- 
sembly of elements connecting said bus elec- 
ts tronics module to other components of said 
spacecraft. 

1 7. The method of claim 1 6, further comprising the step 
of securing a functionally independent payload 

30 module to said spacecraft such that said payload 
module can be moved in a folding fashion between 
an assembled position and a service position with- 
out requiring significant disassembly of elements 
connecting said payload module to said spacecraft. 

35 

1 8. The method of claim 1 6, further comprising the step 
of securing a functionally independent propulsion 
module to said spacecraft. 

40 19. For a spacecraft, a fully independent bus electron- 
ics module adapted to be readily moved in a folding 
fashion from an assembled position on said space- 
craft, wherein components thereon are not readily 
accessible, to a service position, wherein said com- 

45 ponents are substantially accessible for service, 
testing or inspection, and wherein said folding 
movement is accomplished without significant dis- 
assembly of elements coupling said bus electronics 
module to said spacecraft. 

50 

20. The spacecraft of claim 1 9, wherein said independ- 
ent bus electronics module is secured to a portion 
of said spacecraft by a plurality of quick disconnect 
fasteners enabling said bus electronics module to 

55 be quickly mechanically uncoupled from said por- 
tion of said spacecraft. 

21 . For a spacecraft, a fully independent payload mod- 
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ule adapted to be moved in a folding fashion from 
an assembled position on said spacecraft, wherein 
components thereon are not readily accessible, to 
a service position, wherein said components are 
substantially readily accessible for service, testing 
or inspection, and wherein said foldable movement 
is accomplished without significant disassembly of 
elements coupling said payload module to said 
spacecraft. 

22. A fully modular spacecraft constructed to allow 
quick access to a plurality of modules comprising 
said spacecraft, to thereby enable rapid service and 
testing of said spacecraft, and without requiring sig- 
nificant disassembly of elements operatively con- 
nected to said plurality of modules, said spacecraft 
comprising: 



a service position without requiring significant 
disassembly of said elements interconnecting 
said payload module with other components of 
said spacecraft. 

5 

26. The spacecraft of claim 25, further comprising a 
functionally independent electrical power module. 

27. The spacecraft of claim 26, wherein said electrical 
10 power module is moveable in a folding fashion be- 
tween an assembled position and a service posi- 
tion, wherein movement into said service position 
allows substantially unimpeded access to compo- 
nents disposed on said electrical power module. 

15 

28. The spacecraft of claim 25, wherein said bus elec- 
tronics module is moveable in a folding fashion rel- 
ative to said payload module, between an assem- 
bled position and a service position, wherein said 
service position permits substantially unimpeded 
access to components disposed on said bus elec- 
tronics module. 



a payload module; 

a fully modular bus electronics module secured 20 
to said payload module by a plurality of me- 
chanical, quick release fasteners and con- 
structed to be readily movable between an as- 
sembled position and a service position without 
requiring significant disassembly ordisconnec- 25 
tion of said elements interconnecting said bus 
electronics module with other components of 
said spacecraft. 



23. The spacecraft of claim 22, wherein at least a por- 30 
tion of said payload module is coupled to said 
spacecraft by an additional plurality of said mechan- 
ical, quick release fasteners and constructed to be 
readily movable between an assembled position 
and a service position without requiring significant 35 
disassembly of said elements interconnecting said 
payload module with other components of said 
spacecraft. 

24. The spacecraft of claim 22, further comprising a ful- 40 
ly functional, independent electrical power module 
secured to said spacecraft in a manner to permit 
movement, in a folding fashion, between an assem- 
bled position and a service position. 

45 

25. A fully modular spacecraft constructed to allow 
quick and convenient access to a plurality of mod- 
ules comprising said spacecraft, to thereby enable 
rapid service and testing of said spacecraft, and 
without requiring significant disassembly orsepara- so 
tion of elements interconnecting said plurality of 
modules, said spacecraft comprising: 

a bus electronics module; 

a fully modular payload module secured to said 55 
electronics module by a plurality of quick re- 
lease fasteners and constructed to be readily 
movable between an assembled position and 
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